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I.  Glossary  of  Symbol  £ 


AP Ammonium  Perchlorate* 

BCMB 1 ,a-Bis-(chl  -romethyl  Jbenzene 

Butarez  CTL1. . Carboxy -terminated  polybutadiene 

EDA Ethyl  ened  inline 

Epon  8l? . . .Diglycidyl  ether  of  bisphenol-A 

HEM. .....High  energy  material 

HMDS Hexamethyldisilazene 

MAPO Tris(2-metbyla’iiridinyl-l }phosp.iine  oxide 

HOL Naval  Ordnance  Laboratory 

pKa negative  logarithum  of  the  acidic- 

ionization  constant 

TDX .Toluene  diisocyanate 

Tg, Polymer  glass  transition  temperature 
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IT.  Abstract 


The  effect  of  various  catalysts  on  i:he  rate  of  boivoly;.!  of  the 
polyester  and  polyurethane  binders  in  butylamine  was  studied:  bismuth 

nitrate,  load  acetate  trihydrate,  zireonyl  nitrate  dihydrate , ammo;.iur. 
salts,  1 ,4-fcis ( chlorome thy I )benzene  and  tautomeric  catalysts  such  as 
2- hydroxy pyridine , 1,2,4-triazple  and  pyr azole  wore  found  to  decrease 
the  time  of  dissolution  of  the  polyester  binders  III  at  rcora  temperature 
by  at  least  fifty  percent;  zinc  acetonyl-acetonstc  had  a similar 
accelerating  effect  on  the  polyurethane  binder  H;  ammonium  chloride, 
tr 5 azole,  pyrazole  and  imidazole  also  decreased  the  dissolution  time  of 
the  polyurethane  tinder  IV  by  fifty  percent.  The  degradation  of  four 
polymeric  rochet-  propellant  binders  with  hexanathy Id i r. ilazi  ae  (HMD?) 
has  been  studied  and  this  method  shows  limited  success-  A model 
binder  linear  polyurethane  of  known  intrinsic  viscosity  v/as  prepared 
and  successfully  photolytically  degraded,  in  benzene.  Liquid  ammonia 
was  found  to  degrade  binders  L,  III  and  IV  at  . :A  model  rocket 
fuel  containing  ammonium  chloride  instead  of  ammonium  perchlorate  was 
prepared  and:  found  to  soivolytically  degrade  in  liquid  ammonia  to  give 
an  84%  recovery  of  the  ammonium  chloride.  Methanol  was  shown  to  be  a 
suitable  solvent  for  the  extraction  of  the  nitro  and  hydrocarbon 
plasticizers  from  the  polyurethane  and  polyester  binders , 

III.  Introduction 

% 

Polymer  binders  in  propellants  usually  constitute  rr-om  15  to  20%  of 
the  total  weight  of  the  propellant . The  remaining  84-80%  is  generally 
made  up  of  oxidizer,  usually  (in  Polaris  motors)  ammonium  perchlorate  (A?) 
60-82%,  aluminum  metal,.  2-18%,.aM  stabilizers,  0-1%.  The  binders  of 
chief  concern  at  present  (in  Polaris  motors)  appear  to  be  one  of  two 
types:  CD  polyurethanes  or  (2)  ci.red  polybutadiene  prepolymers.  The 

problem  of  disposing  of  obsolete  propellants  is  a formidable  one  because 
of  the  legal  limitations  on  burning  and  dumping.  The  product  gases  from 
burning  would  cause  serious  pollution  of  the  atmosphere  and  other 
possible  means  of  disposal  also  pres-v.it  problems.  1 

The  most  desirable  means  of  disposal  would  involve  separation  of 
the  binder,  oxidizer  and  metal  by  suitable  physical  or  mechanical 
processes  which  would  permit  their  reuse.  Such  a procedure  may  also 
offer  important  economic  advantages,  particularly  if  recovery  of  each 
component  could  be  accomplished,  in  reasonable  purity.  The  problems  asso- 
ciated with  processes  directed  toward  mechanics)  separation  of  the 
components  are  many.  The  polymeric  binder* is  a cross-linked  material  so 
that  it  is  not  soluble,  making  it  impossible  to  remove  the  binder  simply 
by  solvent  extraction . The  properties  of  the  binder  arc  similar  fo  those 
of  vulcanized  rubber.  Furthermore , the  finely  divided  metal  ami  oxidizer 
particles  are  intimately  coated  with  the  binder,  which  is  impervious 
to  water,  making  it  impossible  t:o  remove  the  water-soluble  oxidizer 
from  the  metal  and  binder-. 
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The  chemical  nature  of  the  binder  is  such  that  a reasonable  approach 
appeared  to  be  a chemical  one-  This  chemical  approach  would  involve 
cleavage  of  the  polymeric  cross-links  leaving  binder  fragments  which 
now.  would  be  soluble  in  a suitable  solvent.  This  would  permit  the  binder 
to  removed  from  oxidizer  and  metal  by  a simple  extraction-filtration 
procedure.; 

TV . Background  Information 


As  pointed  out  in  Section  II,  the  binders  of  chief  concern  arc, 
either  polyurethanes  or  cured  oarboxy- terminated  polybutadione  rrapolyrcers. 
The  crosslinks  are  of  the  otter  type  and  susceptible  to  cleavage  by 
several  chemical  approaches. 

hi.  Polyurethanes 

Three  general  methods  have  bean  mentioned  as  possible  means  to 
degrade  polyurethanes : 

(1)  Hydrolytic  cleavage 

Although  the  urethane  link  is  an  ester-like  link,  it  is  more 
stable  to  hydrolysis  than  esters;  however,  it  is  subject  to  both 
acidic  and  basic  hydrolysis.  Generally,  strong  arid  or  strong  base 
is  necessary  to  accomplish  hydrolysis  at  a reasonable  rate.  Unfortunately, 
AP  is  converted  to  free  ammonia  and  perchlorate  ion  in  presence-  of  strong 
base  and  to  perchloric  acid  and  ammonium  ion  in,  presence  of  strong  acid. 
This  limits  the  use  of  a hydrolytic,  reaction  for  degradation  to  weak 
bases  and  acids,  particularly  if  recovery  of  A?  is  a prime  objective. 
Indeed,  recently  it  has  been  disclosed  £Tl]  that'  hydrolytic  breakdown 
and  dissolution  of  many  pr ope ilanti  can  be  carried  out  with  surprising 
.ease  in  600  g scale  with  subsequent  recovery  of  constituents  in  high 
yield.  The  approach  involves  treating  the  propellant  composites  with 
either  hydrochloric  acid  or  ammonium  hydroxide  a . elevated  temperature •• 

(2)  Theiinal  degradation 

Polyurethanes  derived  from  primary  and  secondary  alcohols  generally 
require  temperatures  above  200°C  before  thermal  degradation  occurs  at  an 
appreciable  rate.  Those  derived  from  tertiary  alcohols  and  phenols  undergo 
thermal  degradation  at  a lower  temperature,  as  low  as  50?C  £23;  however, 
it  appears  that  the  latter  are  seldom  used  in  the  binders  -under 
consideration.  Thermal  means  of  degradation,  therefore,  appear  to  be 
impractical,  particularly  In  presence  of  the  large  amount  of  oxidizer  CAP)'. 

(3)  Solvolytic  cleavage 

The  urethane  link  is  cleaved  by  (a)  alcohols  and  (b)  amines 
( including  ammonia) : 


0 

ft 

(a)  -R-O-CNH-R’-  + R''0H  ~ 


0 

H 

R^OCNHR1-  t -ROM 
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Since  polyurethane  hinders  are  synthesized  from  a mixture  of 
dihydroxy  and  trihydroxy  compounds,  the  use  of  am'r.ocvia , primary  anti 
secondary  amines  or  alcohols  should  accomplish  a chain  :leava''o  for 
each  molecule  which  reacts.  Sufficient  reaction  would  cleave  all 
crosslinks  and  the  remaining  polymer  would  then  Le  soluble  in  a suitable 
solvents  Indeed,  it  has  been  found  that  ammonia  and  primary  amines  , 
are  useful  for  solvolyzing  polyesters  binders  at  moderate  temperature  [?J. 

B.  Polyesters 

Since  the  poiyhutadiene  based  binder  matrices  are  extensively 
crosslinked,  there  is  little  possibility  that  solvents  alone  couid  be 
used  to  remove  them  from  the  oxidizer  and  metal.  The  most  vulnerable 
link  in.  this  matrix  is  the  ester  link  which  is  known,  to  be  hydrolyzable 
through  either  acid  or  base  catalysis  to  the  corresponding  alcohol  and 
carboxyl  group.  Such  hydrolytic  reactions  would  also  cleave  the  cross- 
links and  leave  the  liquid  prepolyner  of  2000-4000  molecular  weight.  (Some 
crosslinking  may  have  occurred  between  these  prepolymer  chains  through 
oxidation  processes  bn  the  carbon-carbon  double  bonds  of  the  chain), 
however,  the  problem  or  recovery  of  AP  almost  precludes  the  use  of  strong 
acid  or  strong  base  to  hydrolyze  the  matrix..  Thermal  degradation  of 
these  matrices  also  appear  not  to  be  feasible  in  the  propellant  form 

due  to  potential  hazard  from  rapid  oxidation^ 

» 

The  most  feasible  method  of  degradation , similar  to  that  of  the 
polyurethanes,  appears  to  be  based  upon  a depolymerization* termination 
reaction  utilizing  monofunctional  alcohols,  ammonia,  amines  or  carboxylic 
acids i-  These  equilibria  are  shown  in  the  following  equations: 


C0CH„CHP.~*« 
2 > 


OH- 

+ hoch„£hR' 


>loCH-CjyiHR*^~  + R’NH 

i 

0 OH  . 0 

^COCH^HR  + R'COH.  v 


CHHR’  + H0Cif2CU2N’HR' 


0 0 mi 

. Soli  + R'lJ0GU2CHR' 


V.  La*-.:  ■ 1 rr. 


Sarnie 

HOL  Svpl«  T: 

f’olyc  thy  2 ly  col , 

triTOthy-l'-lprcpant  r 
toluens  diitao.anate 

HOI,  Sample  IJ: 

1 lydroRy  ~t  cphu  ngs  t*?d 
butadiene*  tolir-no 
diisoevanate 

HOL  Sample  HI: 

But ares  OIL- Is 
MAPO*eEpon"  M2*** 

1I0L  Sample  TV: 

triniorliyiolprcpane , 
niiraza  diisocyanatc 


Ild'-ti  Lm-'-i  ’..'it!.  < i:J  »-ut.  ~rT 
cf  l' i :■(/ , g-dsWtn '.it  Z>1  >"i  > fvi Hull 
and  L > r. ( T, . di nirr-or-.'-py i )■ 
aect.il  ( 7 ‘ tri . r of  blurb  r 5 

Unplarticfse  i and  pi  a at  i c 4 r.*:xi 
with  hydrocarbon  oil 
(50  wt .-  \ of  biniir) 


Plasticised  with  a ':i  eutectic 
of  bis  f>  *2 -dinitropj  opy  i '-form?! 
and  bin  (2 ,2-dinrtrcpropyl}- 
acstal  (50  v:t.  % of  binder) 


V I .Experimental 

Previous  work  Lft]  has  demonstrated  the  feasibility  of  using  prinary 
amines  at  t {superstores.  below  100°  to  dissolve  polyurethane  and  polyester 
ropellant  sinaors.  However,  due  to  the  potential  hazard*;  of  heating 
jether  the  oxidizing  and  reducing  agents  present  in  the  actual 
Pellants  it  was  desirable  to  degrade  the  binders  at  as  low  a 
temperature  as  possible.  1.1th  *his  objective  in  mind  a study  was 
made  of  various  compounds  capable  of  catalyzing  the  sslvolysis  of 
polyesters  and  polvure thane  ptopoilart  bind,  rs  in  buty lamina  at  low 
temperatures.  Metal  salts , quarternary  ammonium  salts , amines  and 
bifunctional  br  tcutomeric  compounds  were  considered.  The  use  of 
cosolvent  s was  also  investigated.* 

Effect  of  Various  >afalyr,tr  on  the  Solvolyr.it;  of  Polyester  and  Poly- 
urethane Binders  in  ji-Buty laming. 

The  followik  p-  catalysis  studies  were  centered  on  HOL  sample  111 
using  one-quarter  ’nsh  cubes  (approximately  0.25  p each)  cf  the 
polyester  in  25  ml  of  n-butylamine  at  room  temperature. 

In  an  initial  st»tly  a number  of  possible  catalysts  were  used  and 
the  following  dissolution  times  were  observed , (Table  1) : 

Catalysis  of  the  asninolysis  and  the  alcoholysis  of  esters  [5.1 , 
ns  well  as  the  catalysis  of  urethane  formation  ["&],  has  been  extensively 
studied.  It  was  therefore  thought  that  this  information  could  be  used  to 
obtain  information  about  the  kinetics  and  tls-  ease  ol  polyester  and 
polyurethane  solvolysis  at  low  (20-50°)  temperatures.  It  was.  also 
hoped  that  it  would  be  possible  to  relate  the  solvolyais  of  both 
carbonyl-containing  polymers  to  each  other,  r-inee  metal  salts, 
particularly  -tijo'-o  of  3-  id,  r.inc  and  manganese  have  been  used  in  the 

*Corbaxy  bond  mi* -M  pei  ybuLmlione,  **Trin(:,-n»’'lhyJ  a:vividinyl-i ) 

phosphine  oxide,  ***Di glyei  lyl  ■■l.bor  of*  bisph.-nol-A 


TABLE  X 


Catalyst,  1 g 


Time  (hours) 


Control  14 

Bismuth  nitrate  7 3/4 

Lead  nitra'  e 9 

• Dibutylti'n.  ^ilaurate  9 1/2 

Ferrous  ammonium  sulfate  11 

Disodium  hydt  pgen  phosphate  11  1/2 

Sodium  nitrate  13 

Ammonium,  molybdate  13 

Triethylamine  13  3/4 

Potassium  oxalate  >15 

Triethylened lamina  >16 

Zitic  acetonylacetonate  >15 

alcoholysis  of  polyesters  at  elevated  temperatures , these  were  studied 
first.  The  results  of  this  study , summarised  in  Table  H , shows  a 
number  of  metal  salts  capable  of  catalyzing  the  sclvolysis . 


TABLE. 


Metal  Salt  (1  g) 


Timevhrs) 


Remarks 


Control 

Lead  acetate  trihydrate 
Zirconyl  nitrate  dihydrate 
Stannous  octoate 
Cobalt  caproate 
Lead  stearate 
Lithium  chloride 
Zinc  acetate  dihydrate 
Ferric  ammonium  sulfate  12  H^O 
Sodium  tungstate 
Mercuric  oxide 
' ..nganese  chloride 
Manganese  acetonyl  acetonate 
Vanadyl  acetonyl  acetonate 


6 3/4 


8 1/2 
9;  1/2 
9 1/2 
9 1/2 
11  1/2 
13  1/2 


obscured 


IG-11 

obscured 


[7,  8,  93 


as  per  [13] 

010] 

[7,  8,  11 j 

[7] 

[12] 

[8]  black  soln. 


Dipyridyl  methane 
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Dissolved  ammonium  salts  it;  butylamine  have  also  been  used  to  j 

catalyze  the  solvolysis  of  esters  [14 15] . In  an  initial  attempt  I 

triethylamine  and  acetic  acid  were  added  to  butylamine;,  some  catalysis  j 

was  noted..  Then,  one  gram  each  of  various  ammonium  salts  were  added  1'0  j 

twenty- five  milliliters  of  butylamine.  The  resulting  mixtures  were  f 

then  mixed  until  dissolution  of  the  salts  was  noted  and  the  evolution 
of  ammonia  had  ceased;  the  rubber  samples  were  then  added. 

TABLE  III 


Ammonium  salt 

Time  (nr*) 

Remarks 

Control 

14 

1 g 3:1  EtgU/acetic  acid 

10 

[151, 

10  ,g  3:l  Et3H/acetic  acid 

nr 

no  butylamine 

1 g Ammonium  chloride 

,6  1/2 

present 

1 g Ammonium  bromide 

8 

2 g Ammonium  bromide 

9 

1 g Ammonium  iodide 

9 

1 g Ammonium:  thiocyanate 

11  1/2 

1.  g Ammonium  benzoate 

7. 

1 g Ammonium  dihydrogen 

phosphate 

14  1/2 

1 g Tetra^n-butylammonium 
perchlorate 

14 

[16] 

■ . ••  - * . - 

A run  was  then  made  with  equimolar  amounts  of  ammonium  salts  (based  on 
I gram,  or  0.0187  mole,  of  ammonium  chloride). 


TABLE  IV 

Ammonium  salt 

Time (hr) 

1 g Ammonium  chloride 

6 1/2 

1.44  ,g  Ammonium  acetate 

7 174 

2.60  g Ammonium  benzoate 

7 1/2 

1.B3  g Ammonium  bromide 

10 

1.49  g Ammonium  nitrate 

7 3/4 

1.42  g Ammonium  thiocyanate 

9 1/2 

(with  residue) 

2.71  g Ammonium  iodide 
0.5  g Ammonium  chloride  + 

10 

0.72  g Ammonium  acetate 

7 1/4 

y 
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The  catalytic  effect  of  equimolar  concentration a of  various  butylammonium 
salts  follows  the  reported  Cl,,;3  order  except.  .£or_the  downward  ai's^loce- 
ment  of  the  bromide  In  the  series:  Cl  >OAc  ><)B2  >{'0^”>SCU  >Br  >1  . 

Since  synergistic  catalysis  effects  are  weM-kt-own  tas  in  the  synthesis 
of  polyurethanes  [173  ),an  attempt  was  made  to  catalyse  the  solvolysis  of 
the  polyester  with  a mixture  of  ammonium  chloride  jshd  ammonium  acetate 
(last  line  in  Table  XV);  no  such  synergism  is  apparent , 

Since  various  studies  nave  involved  the  reaction  of  esters  with 
amines  in  alcoholic  [10,  18J  or  other  polar  solvents  [5,.  153,  such  a 
series  was  run. 


-TABLE  V 


Mixture 


Tittc-cr?) 


Contx-oi 

1 g iJH  ,01/20  ml  BulJH,,  + 5 ml  GiLOH 

2 3 

l .g  MH4C1/12  ml  BuHH2  + 12  ml  CI^OH 

1 g NH^Cl/5  ml  3uNH2  t 20  jnl  CH30H 

2 g NHjjEr/12  ml  BuIlH2  t 12  ml  BuOH 
2 g fIH^Br/20  ml  BuilH^  5 ml  BuOH  . 


12  ml  Bu!lH0  + 12  ml  acetonitrile 
12  ml  Bu»m2  + 16  ml  BuOH 


11  1/2 


12 

(with  residue) 


>1  -week 


The  general  effect  of  adding  alcohol  or  polar  solvents  appears  to  be 
a slowing  down  of  the  dissolution  ra te,  except  in  the  two  case's  where 
only  small  amounts  of  alcohol  (5  ml)  were  present. 

To  determine  whether  the  results  shown  in  Tables  III  and  IV  •»6be 
unique  for  dissolved  ammonium  salts,  a run  was  made  using  correspt :g 
sodium  salts  in  butylamine  (again  on  the  basis  of  1 gram  of  ammonium 
chloride).  Although  no  effect  was  expected,  a moderate  effect  was 
observed : 

TABLE  VI 


Sodium  salt 


Time (hr) 


1.1  g Sodium  chloride 
1.53  g Sodium  acetate 
1.92  g Sodium  bromide 
1.53  g sodium  nitrate 
2.80  g sodium  iodine 


12  1/2 
9 1/2 


1°  1/2 

(with  residue) 


i 
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Pursuing  the  thought  that  dissolved  quaternary  ammonium  salts 
might  be  involved  in  an  acid-catalysis  type -of  solvolytic  reaction, 
benzyl  chloride  and  1 ,4-bic(  ebior-omethyl Jbonzene  were*  used,  with  and 
without  other  amines,  in  buty lamina  solution. 

TABLE  VII 


Catalyst 

Time(hr) 

Remarks 

Control 

14 

2.0S  g Chlorobenzene 

>15  . 

2.4  g (0,0187  mole)  Benzyl  chloride 

8 1/4 

12  ml  Benzyl  chloride  +- 

White  ppt,  within 

12  ml  butylamine 

— 

5 minutes 

2.2  g Chloroform 

14 

12  ni  Chloroform  + 
12  ml  butylamine 

>24 

3.72  g (0.0187  mole)  BCMB" 

9 1/2 

1.64  g BCMB" 

7 

0.0187  mole  -CH2C1 

2.46  g Benzyl  Chloride  + 

9 

pKa=10.83  for 

1.37  g t-butylamine 

t-butylamir.e 

2;46  g Benzyl  chloride  + 

pxa-  11.01  for 

1.89  g triethylamine 
& 

8 1/2 

triethylamine 

1.64  g BCMB  •»  1.89  g triethylamine 

9 

2.46  g Benzyl  chloride  + 
3,46  g tributylamine 

9 1/2 

*5  ' 

BCMB  = l,4-bis(chIoromethyl)bcnzene 


* 

! 


From  this  study  it  may  be  concluded  that  neither  chlorobenzene  r.or  chloroform 
catalyze  the  solvolysis.  Benzyl  chloride  and  l,4-bis(chloroT.ethyl)ben7ene, 
both  with  relatively  labile  chlorines  and  both  capable  of  readily 
forming  quaternary  ammonium  salts,  do  show  catalysis.  Increasing  the 
number  of  -CH2CI  groups  present  does  not  appear  to  increase  the  rate 
of  polyester  dissolution.  The  use  of  amines  having  p’da**  values  greater 
than  that  of  butylamine  (10.77),  in  addition  to  -CH2CI  containing  compounds, 
appears  to  have  no  effect. 

To  check  the  effect  of  ammonium  salt  concentration  on  the  rate  of 
solvolysis,  the  following  run  was  made  in  which  varying  amounts  of 
ammonium  chloxride  were  added.  The  results  of  this  experiment  appear  to  show, 
if  anything,  an  increase  in  disso. ution  time  with  increasing  ammonium  salt 
concentration. 

**Ifegative  logarithum  of  the  acidic  ionization  constant 
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TABLE  VIII 

Ammonium  chloride  (grams)  Time (hr) 

0.25  7 1/4 

0.50  7 1/4 

1 6 1/2 

2 9 

3 9 1/2 

4 14  1/2 

The  use  of  bifunctional  or  tautomeric  catalysts  is  well-known 
[19-21].  A variety  of  these  were  tried  with  butylamine  and  the  polyester. 


..?i 


Catalyst 


TABLE  IX 

. Time (hr) 


Remarks 


P?  Control 

14 

P 12  g Cresol  + 12  g BulSij 

13  1/2 

[19]. 

P 1 g p-Aminophenol 

11 

122] 

H 1 g 8-Hydroxyquinoline 

8 

[21]  . 

■ 1 g 2-Hydroxypyridine 

4 

R 1 g 2-Pyrrolidinone 

11  1/4 

[19] 

H 1 g Maleimi.de 

12 

M 1 g 2-Aminopyridine 

14 

123] 

P 1 g 2-Aminqpyrimidine 

14 

1 g Adenine 

<10 

Obscured 

P 1 g Imidazole 

11  1/2 

[21] 

2 g Imidazole 

IP 

* 4 g Imidazole 

8 

1 g 1^2, 4 -Triazole 

5 

[20,  21] 

1 1 g Pyrazole 

5 1/4 

[20] 

i 2 g Poly(vinylimidazole) 

14 

[24] 

1 g Poly(vinylpyrrolidone) 

12 

J'  2 g Poly(vinylimidazole) 

>2  weeks 

No  butylamine 

1 

present 

^ ^ _ ------  - - 

The  first  set  of  data  in  Table  IX  show  that  (1)  cresol,  2-amino- 
pyridine  and  2-r.miropyrimidine  show  no  effect,  (2)  maleimide,  adenine, 
p-aminophenol  and  2-pyrrolidinone  show  an  intermediate  effect,  and 
(3)  2~hydroxypyrid ine  and  8-hydroxyquinoline  show  a marked  effect. 

The  hydroxy-substituted  nitrogen-containing  heterocyclics  show  greater 
catalytic  activity  tnan  do  the  corresponding  amino-substituted 
compounds.  Further,  the  five  membered  heterocyclic  comuounds 
(imidazole,  triazole  and  pyrazole)  which  are  capable  of  acting  as 
tautomeric  catalysts  show  marked  activity,  increasing  with  increasing 
concentration  (imidazole)  and  increasing  with  the  proximity  of 
the  secondary  and  tertiary  nitrogens  (pyrazole  more  active  than 
imidazole).  The  final  set  of  data  resulted  from  an  attempt  to  find 
a "polymer  effect"  such  as  has  been  reported  [24].  Such  an  effect 
would  have,  hopefully,,  increased  the  rate  of  catalysis  (attributable 
to  the  lining-up  of  catalyst  sites  proximate  to  one  another). 

Regretably.,  no  such  effect  was  observed. 

The  use  of  various  amines  was  also  tried  again  [4],  but  the  results 
were  generally  disappointing: 

TABLE  X 


Time  (hr  )> 


Remarks 


Amine 


Control 

1 g Guanine  hydrochloride 

1 g 1,1,3,3-teti’amethyl- 
1,3-butanediamine 

1 g N-Methylmorpholine 

1 g Morpholine 

1 g Pyrrolidine 

4 g Tetraethylenediamine 


Since  it  was  previously  observed  m this  study  that  the  use  of 
cosolvents  generally  decreases  the  rate  of  polymer  dissolution  ( ref.  4 and 
Table  V),  an  attempt  was  made  to  preswell  the  polyester  samples  for  24 
hours  prior  to  treatment  with  butylamine.  It  is  apparent  (Table  XI)  that 
preswelling  the  rubber  in  carbon  tetrachloride  had  a marked  effect  on  the 
dissolution  rate . An  attempt  was  also  made  to  swell  the  catalyst , triethyl 
enediamine,  into  the  rubber.  For  this,  the  rubber  was  immersed  in  a 


Swelling  Solvent 


TABLE.  XI 
Time (hr) 


Percent  weight  increase 
after  24  hr  [4] 


Control 

14 

Carbon  Tetrachloride 

5 

1040 

Tetrahydrofuran 

11  1/4 

740 

N ,N-Dimethylformamide 

11  3/4 

12 

1 g Tricthylencdiamine 

13 

ml  rrif.than.-il 


(Methanol  alone  2) 


solution  of  one  gram  of  triethylene-diamine  in  twenth-five  milliliters 
of  methanol  and  allowed  to  soak  for  a week  until  the  sample  had 
increased  13%  by  weight;  methanol  had  previously  [4]  been  shown  to  be, 
itself,  a poor  swelling  agent  and  the  major  part  of  the  swelling  was 
attributed  to  the  diffusion  of  the  catalyst  into  the  polymer  matrix. 
The  rate  of  dissolution  was  markedly  decreased  by  this  treatment . It 
was  then  decided  to  use  a more  concentrated  solution  for  the  pre- 
swelling (5-10  grams  of  triethylenediainine  per  25  butylamine).,  This 
treatment  caused  a whitening  of  the  rubber  after  one  day,  and  on 
further  standing  caused  a thusfar  unexplainable  degradation  of  the 
rubber  to  a white,  amorphous  mass  (still  insoluble  in  the  methanol). 

The  following  experiments,  similar  to  those  described  above, 
involve  treating  one-quai’ter  inch  cubes  of  the  polyurethane '(1'OL 
sample  II)  with  various  possible  catalysts  in  50  ml  of  n-butylamine 
at  50°.  The  results  obtained  were  as  follows':  (Table  XII) 


TABLE  XII 


Catalyst 

Control 

2 g Ammonium  Chloride 
5.2  g Ammonium  benzoate 
2.9  g Ammonium  acetate 
3.7  g Ammonium  bromide 

3 g Benzyl  chloride 

2  g Cobalt  (II)  caprcate 

2  g Bismuth  nitrate 

2  g Zinc  acetonylacetonate 

2  g Ferric  acetonylacetonate 

2 g Stannous  chloride 

2 g Dibutyltin  dilaurate 

2 g 2-Aminopyridine 

2 g 2-Aminopiperidine 

2 g Imidazole 

2 g Guanine  hydrochloride 

2 g 1,1,3,3-Tetramethyl- 
1,3-butanediaminc 

2 g Triethylenediamine 

2 g Adenine 

1 g Poly(vinylimidazole) 


Time (days)  Remarks 

4 [4] 

3 1/2  . 

4 
4 

3 1/2 

4 

4 as  per  [13) 

3  1/4 
2 

3  1/4  [273 

3 1/2  [293,. 

3 T 17  3 

4 
4 
3 

3 

4 [17,  283 

3 3/4  [17 , 203 

3 3/4 

4 


From  this  it  would  appear1  that  there  is  only  a slight  increase  in 
the  rate  of  solvolysis  when  the  above  materials  were  used.  The  greatest 
increase  in  rate  appears  to  have  been  caused  by  zinc  acetonylacetonate , 
while  the  amines  and  the  poly(vinylimidazole)  appeared  to  have  no  effect. 

As  in  the  case  of  the  polyester  runs,  difficulties  arose  from  the  lack 

of  complete  solubility  of  many  of  the  salts  and  from  the  obscuration. 

of  a number  of  end-points  due  to  the  intense  color  of  some  of  the  solutions. 

In  an  -attempt  to  react  both  the  polyester  and  the  polyurethane 
with  other  reagents  known  to  participate  in  nucleophilic  attack  on 
carbonyl  groups  [310,  these  rubbers  were  heated  with  hydroxylamine  in 
aqueous  ethanol  at  pH  5 for  one  .week.  No  reaction  was  observed. 

Heating  a one-quarter  inch  cube  of  polyester  in  fifty  milliliters 
of  amyl  acetate  at  100°  was  attempted  in  an  effort  to  see  whether  a 
transesterification  type  of  reaction  could-  be  caused  to  occur,  in 
the  presence  of  one  mililiter  of  hydrochloric  acid,  the  solvolysis 
was  complete  within  one  hour , but  when  0 .4  grams  of  sodium  hydroxide 
was  used  instead  of  the  acid,. a white  suspension  resulted  only  after 
one  day.  Finally,  in  light  of  the  reported  [140  use  of  ammonium  salts 
to  catalyze  the  reaction  of  esters  with  butyiamine  or  ammonia, 
a sample  of  polyester  was  treated  at  room  temperature  with  a solution 
of  two  grams  of  ammonium  chloride  in  twenty-five  milliliters  of 
ammonium  hydroxide;  no  degradation  was  noted  after  one  month. 

The  catalysis  studies  were  now  extended  to  the  Polaris  binder.,  IV. 

In  a manner  similar  to  that  employed  with  binder  III,  one-quarter 
inch  cubes  of  the  Polaris  binder  IV  were  used  in  the  presence  of 
25  ml  of  n-butylamine  and  various  possible  catalysts  at  25° ..  The 
results  of  this  solvolysis  study  are  summarised  in  Table  XIII. 

It  should  be  noted  that  in  this  study.,  as  in  the  catalyzed  solvolysis 
of  the  polyester  III,  most  of  the  compounds  tested  exert  a catalytic 
effect  on  the  rate  of  solvolysis.  The  effect  of  the  ammonium  salts  on 
the  rate  of  solvolysis  is  essentially  the  same  as  that  observed  in  the 
solvolysis  of  the  polyester  III.  Further,  the  quantity  of  ammonium 
salt  used  as  evident  from  the  following  study,  shows  no  clear  effect- 


on  the  rate  of  solvolysis : 

Grams  ammonium  chloride Time(hrs) 

0.5  8 

1 7 

2 11 

3 13  i/2 

4 >14 
Grams  ammonium  perchlorate 

0.25  11  1/2 

0.5  11  1/2 

1 11  1/2 

2.2  9 1/2 

3 ' 12  3/4 


i* 


f 

V 


Control 

Control 

1 g (0.0187  mole)  Ammonium 
chloride 

1.83  g Ammonium  bromide 

2,7  g Ammonium  iodide 

1.44  g Ammonium  acetate 

2.6  g Ammonium  benzoate 

2.19  g Ammonium  perchlorate 

1 g Tetra-n-butylammonium 
perchlorate 

1 g Tetra-n-butylammcnium 
hydroxide 

3.72  g l,4-bis(chloromethyl) 
benzene 

1.3- Dibromobutane 

1.4- Butanediamine  dihydro- 

chloride 

1.92  g Sodium  bromide 
1.53  g Sodium  acetate 
1 g Triazole 
1 g Pyrazole 
1 g Imidazole 
1 g Triethylenediamine 
1 g 2-hydroxypyridine 
1 g 8-Hydroxyquinoline 
1 g Stannous  octoate 
1 g Dibutyltin  dilaurate 
1 g Zinc  acetonylacotonate 
1 g Lead  acetate  trihydrate 
1 g Bismuth  nitrate  hydrate 
1 g Zirconyl  nitrate  dihydrate 


15  1/2 


5 1/2 


Room  temperature' 
at  50° 


9 1/4 
8 1/4 

8 1/4 

9 1/2 


11  1/4 


11  1/2 


13  1/2 


9 3/4 
7 1/2 
7 1/2 
6 3/4 


9 3/4 


6 1/4 
8 1/2 
9 1/2 


[32] 


White  ppt. 
White  ppt. 
White  ppt. 


Polyurethane  binder  I , when  treated  with  fifty  milliliters  of 
n-butylaminc  and  two  grams  of  ammonium  chloride  at  50°,  dissolved  in 
less  than  four  days.  A similar  sample  at  room  temperature,  though, 
failed  to  dissolved  after  ten  days. 

The  dependence  of  solvolysis  time  on  sample  size  was  investigated. 
Cubes  of  binder  IV .were  cut  and  placed  into  one-hundred  milliliters  of 
n-butylamine  with  either  one  gram  of  ammonium  chloride  or  ammonium 
perchlorate.  The  following  times  were  observed: 


Sample  size 

Timefhrs ) 
Ammonium  chloride 

Time(hrs) 

Ammonium  perchlorate 

1/8  " 

6 

- 

1/4  " 

9 

14 

1/2  " 

28  1/2 

24  1/2 

3/4  '* 

47 

- 

1 " 

72 

84 

Hence,  a concentrated  solution  of  solvclyzed  binder  in  butylamine 
could  be  made  using  ond-inch  cubes,  but  obviously  at  the  expense  of 
dissolution  time.  The  need  for  a large  excess  of  amine  solvent  was 
also  indicated  in  the  case  of  unplasticized  rubber  II,  ten  grams  of 
which  failed  to  dissolve  (as  one-quarter  inch  cubes)  in  fifty  milliliters 
of  butylamine  after  heating:  for  over  two  weeks  at  50° . 

An  attempt  was  made  to  swell  sufficient  butylamine  into  rubber  IV 
to  solvolyze  the  urethane  bonds  within  the  sample  while  the  rubber  was 
placed  into  a solvent  capable  of  dissolving  the  fragments  produced. 

Cubes  of  IV  were  placed,  at  room  temperature,  into  butylamine 
(-in  the  presence  and  absence  of  ammonium  chloride)  for  5,5  to  7 hours. 
After  this  time  they  were  removed  and  placed  into  chloroform  at  room 
temperature  Although  swelling -Was  noted,  the  sample  failed  to  show  any 
dissolution . 

Use  of  ammonium  hydroxide  and  -methylamine 

Polyurethane  IV  was  treated  (as  one-quarter  inch  cubes)  with 
twenty-fine  milliliters  of  ammonium  hydroxide,  in  the  presence  and 
absence  of  one  gram  of  ammonium  chloride,  at  room  temperature  for  four 
days.  The  rubber  became  opaque  and  was  slightly  degraded,  but  was 
insoluble  in  chloroform  (which  was  used-  as  the  criterion  for  estimating 
the  extent  to  which  crosslinks  were  broken).  When  the  rubber  was 
treated  in  a similar  manner  with  aqueous  methylamine  for  four  days 
the  resultant  material  was  mostly  soluble  in  chloroform.  A mixture 
(1:1  by  volume  for  a total  volume  of  twenty-five  milliliters)  of 
ammonium  hydroxide  and  aqueous  methylamine  at  room  temperature  also 
gave  a chloroform-soluble  product  after  four  clays. 
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Samples  of  rubber  IV  were  treated  with  10,0  milliliters  of 
concentrated  ammonium  hydroxide  at  100°  for  seven  days,  in  the 
presence  and  absence  of  ammonium  chloride.  Although  both  solutions 
became  yellow,  the  resulting  rubbers  were  not  soluble  in-  chloroform 
(even  though  the  rubbers  themselves  became  white  and  flaky). 

In  order  to  relate  the  results  obtained  here  with  those  obtained 
by  Tompa  and  French  [333,  solvolysis  was  attempted  using  ethylenediainine. 
A sample  of  Polaris  binder  IV  was  treated  at  room  temperature  and 
the  dissolution  times  obtained  were  as  follows: 


Solution 

Time(hrs) 

25  ml  Ethylenediainine  (EDA) 

12  1/2 

12  ml  EDA  + 12  ml  benzene 

13-15 

12  ml  EDA  + 12  ml  benzene  + 
1 g ammonium  chloride 

13-15 

25  ml  EDA  + 

1 g ammonium  chloride 

18 

A decrease  in  the  rate  of  solvo’lysis  was  observed  using  both  the  cosolveht 
benzene  and  the  "catalyst"  ammonium  chloride.  A series  of  runs  were 
then  made  using  2%  ethylenediamir.e  in  benzene  or  toluene. 


Sample 

Temp. (°C) 

Dissolution  time 

, Comments 

I 

room 

not 

dissolved  after  2 wks. 

in  benzene 

II 

room 

not 

dissolved  after  2 wks. 

in  benzene 

III 

room- 

<5  days 

in  benzene 

IV 

room 

not 

dissolved  after  2 wks. 

in  benzene 

II 

50 

not 

dissolved  after  2 wks. 

in  benzene 

IV 

50 

degraded  in  12  days 

in  benzene 

IV 

100 

<15  hr 

in  toluene 

IV 

100 

2 days 

in  .2%  hexylamine 
in  toluene 

At.  room  temperature  only  the  polyester  III  as  previously  reported  [333 
was  affected.  Ethylenediamino  proved  to  be  more  efficient  than 
hexylamine  in  the  solvolysis  of  rubber  IV..  When  polyurethane  binder  IV 
(containing  no  propellant)  was  heated  for  four  days  at  100°  with  toluene, 
in  the  absence  and  presence  of  one  gram  of  ammonium  perchlorate , no 
solvui/sis  was  noted. 
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Use  of  acids 

When  n one-quarter  inch  cube  of  polyurethane  binder  IV  was  treated 
with  twenty-five  milliliters  of  70%  perchloric  acid  at  room  temperature, 
the  rubber  darkened  and  became  amorphous  between  the  fourth  and  seventh 
day  of  treatment.  After  srven  days,  though,  the  rubber  still  did 
not  dissolve  to  any  marked  extent  in  chloroform.  When  6 N_  hydrochib-  dc 
acid  was  used  the  following  results  were  obtained: 


Sample 

Tempi °C) 

Dissolution  time 

Comments 

i * 
* I 

I 

room 

not  dissolved  after  2 

wks. 

1 

II 

room 

not  dissolved  after  2 

wks. 

* 

i 

III 

room 

not  dissolved  after  2 

wks. 

IV 

room 

not  dissolved  after  2 

wks . 

turned  dark  .and 

i 

amorphous  after  one  wk. 

! 

I 

50° 

not  dissolved  after  2 

wks. 

in  1*5  N-HC1 

I 

100° 

<21  hr 

II 

100c‘ 

not  dissolved  after  1 

:/k . 

. 

III 

100° 

<21  hr 

i 

i 

i 

IV 

100° 

about  50%  soluble  in 

turned  dark  and 

chloroform  after  4 hrs . 

amorphous  after  2 hrs. 

i 

! 

Use  of  ammonia 


A series  of  runs  were,  made  using  neat  '(’25  ml)  ammonia  in  the 
presence  of  various  additives.  The  results  may  be  summarized  as  follows 


Sample 

Temp(°C) 

Dissolution 
time (days) 

Comments 

IV 

room 

3 

two  1/8"  cubes;  only, 
slightly  degraded 

IV 

room 

8 

■ two  1/8"  cubes  tig  NH^Ch; 
sol.  iiv  chloroform 

IV 

509 

5 

l.g  NUi,Cl;  sol.  in 
chloroform 

IV 

50° 

3 

1 g NlfyClOty.;  dissolved 

IV 

50° 

1 

1 g NH4CIO4;  insol.  in 
chloroform 

I 

50° 

3 

l.g  NH4CIO4;  cracked 
but  still  intact 

I 

50° 

6 

1 g NH4CIO1} ; small  amt. 
of  solid,  almost  entire- 
ly sol.  in  chloroform 

*"*ww*i msmsam 
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Sample  Tcmp(°C) 


Dissolution 
time(dayr. ) 


Comments 


II 


50° 


1 g NIlijClOii  + 10  ml 

toluene;  swollen  but  insol. 
in-  chloroform 


Thus,  all  rubbers  except  II  are  solvo' *.'.ed  by  ammonia..  Rubber  IV  is 
degraded  within  one  to  three  days  at  c or  within  eight  days  at 
room  temperature . Polyurethane  I is  muon  less  reactive,  taking  about 
six  days  at  50°,  Rubber  II  does  not  appear  to  be  susceptible  to 
attack  by  ammonia,  even  in  the  presence  of  a swelling  agent  such  as 
toluene . 

Attempted  recycling 

A preliminary  attempt  was  made  to  reuse  the  products  of  the 
binder  solvolysis.  A mixture  of  five  grams  of  polyurethane  IV,  twenty-five 
milliliters  of  xylene  and  twenty-five  milliliters  of  ethylenediamine 
Were  heated  at  50°  until  the  rubber  dissolved  (19  hours ) . The  resulting 
mixture  was  added  to  250  milliliters  of  xylene  and  then  65.3  g of  tolylene 
diisocyanate  was  added  with  cooling  and  stirring.  A white  precipitate 
was  formed  and  was  allowed  to  react  for  twenty-four  hours.  Dissolution 
of  the  white  solid  was  attempted  in  dimethylfox'mamide  but  was  unsuccessful. 

A one  inch  cube  of  binder  IV  was  solvolvsea  in  one  hundred: 
milliliters  of  butylamine  at  room  temperature  for  three  days.  Hydro- 
chloric  acid  (6  11)  was  then  added,  until  the  solution  was  acidic 
to  pH  paper.  An  additional  100  milliliters  of  water  was  then  added 
and  the  resulting  solution  was  extracted  three  times  with  ether. 

.(The  acidity  of  the  aqueous  phase  was  checked  after  each  extraction . ) 

The  ether  extracts  were  then  combined  and  extracted  with  dilute  hydro- 
chloric acid.  The  ether  layer  was  then  concentrated  and  a brown 
solid  (thought  to  be  ureas  and  long-chain  components)  was  isolated. 

The  aqueous  phase  was  made  alkaline  with  sodium  carbonate  and  again 
extracted  with  ether.  The  second  ether  extract  gave  a small  amount 
of  brown  oil  on  evaporation,  while  the  aqueous  phase  contained  not 
only  inorganic  material  but  rubbery  globules  which  were  subsequently 
found  to  be  soluble  in  chloroform. 


i i 


VI I. Experimental  - Fourth  Quarter 

The  key  objective  was  to  study  methods  of  solvolytically  degrading 
propellant  binders  thereby  making  it  possible  to  dissolve  the  binder 
fragments  and/or  oxidizer  in  suitable  solvent's  for  reclamation  purposes. 
A solvent  that  will  not  alter  the  aluminum  powder  or  AP  propellant 
ingredients  must  be  chosen.  N- Butylamine,  as  had  been  shown  earlier, 
degrades  propellant  binders  at  moderate  temperatures  [3].  However,  it 
reacts  with  the  AP  to  produce  the  less  stable  n-butylmine  perchlorate 
as  an  undesirable  contaminant. 


NH..C10,.  + 
4 4 


ch3(ch2)3wi2 


cH3(cn2)3mi3cio5,  + nh. 


mWi  a 
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We  found  that  other  organic  solvents,  alcohols,  and  etc.  do  not 
appreciably  dissolve  AP  or  attack  the  hinder,  at  the  moderate  tempera- 
tures <50°C  that  we  chose  as  safe  and  reasonable  temperatures  [33. 

Workers  at  the  Naval  White  Oak  Laboratories  reported  recently 
that  a large  number  of  proDellants  and  other  explosives  could  be 
degraded  by  solvolytic  techniques  at  higher  temperatures  [1,  34  J. 
Adequate  safety  measures  no  doubt  could  be  employed  in, that  their 
lab  is  probably  better  equipped  for  explosive  studies.  The  following 
four  systems  were  found  to  be  effective  in  degrading  amide,  ester,  and 
urethane  binder  bonds. 

1.  Ethylene  diamine  in  xylene,  0.6  to  2.0%  at  115°C. 

2.  HC1  in  cyclohexanone,  1.5  N,  at  115°C,  or  MCI  in 
1:1  cyclohexanone;  rr-propanol , 1,5  N at  11S°C. 

3.  HHqOH  in  H20,  1.5-61  at*  96-100°C. 

4.  UC1  in  lt20,  1.5-6  11  at  96-100°C. 

In  some  cases  separation  of  the  AP  from  A1  and  from  the  binder  was 
accomplished  with  a high  percentage  of  recovery. 


VII.  Results  and  Discussion 
Solvolytic  Degradation 

The  main  emphasis  has  been  on  solvent  systems  that  promote  separation 
at  more  moderate  temperatures,  in  this  report  are  reported  our  investi- 
gations oh  hexamethyldisilazine  (HMDS)  and  liquid  ammonia  as  degradation 
systems . 


A.L.  DiSalvo  reported  that  HMDS  degraded  polyurethanes  to  give 
diamines  and  disilylethers  [35].  Our  results  show  that  HMDS  does  degrade 
rocket  binders  but  only  at  high  temperatures.  (See  Table  XIV) 


Dilute  solutions  of  NH4CIO4  (AP)  in  liquid  ammonia  at  room 
temperature  do  not  appreciably  affect  propellant  binders  after  about 
two  weeks  of  treatment . Binder  degradation  is  accomplished  at 
50°C,  however.  The  literature  shows  that  the  following  chemistry  of 
the  propellant  systems  is  important  [36]. 


1.  Amides  are  cleaved  by  ammonium  salts  in  NHjd). 

2.  Aluminum  solutions  in  Nl^d)  are  less  stable  than  those 
of  more  active  metals. 

3.  Aluminum"  can  react  with  amide  ions  and  ammonium  ions  in  NH3 

A1  + NH*  A,i+3  + 1/2  il2  + NH3 


4.  Organic  compounds  can  undergo  reduction  in  the  presence  of  a 
dissolved  metal. 

5.  Ammonolytic  reaction  can  occur. 

+ »H 

a.  RCONH  + Nil  ^ RC(NH)NH 

. NH.  1 

b.  (CQEt)„  + Hit  — — > (COHH) 

^ *1  2 2 


I 

* 

« 

I 

i 


I * 


c.  CH  =CHCOOMe  TjjT~V  Mixtures  of  amides  and  esters  with 

3 NIL  adding  across  C=C. 


-d.  Relative  rates  are 
XCHjCCOR ---3 


XCH2CONH2 


NC>NH2CO>EtOCO>EtO>^>l! 


Binders 


Table  XIV 

Degradation  of  ocket  Binders3  with  HMDS 


10%  HMDS  In  Xylene 
at  Room  Temperature 
After  three  weeks. 

No  change 


No  change 
No  change 

No  change 


10%  HMDS  in 
Xylene  at  50° C 
After  3 weeks 

Only  swollen 


Only  swollen 
Only  swollen 

Only  swollen 


2 % HMDS  in 
Xyiene  at  110°C 

Dissolved  after 
eight  days 


Dissolved  after 
two  weeks 

Dissolved  after 
five  days . 


If  the  aluminum  could  be  prevented  from  reacting  or  if  it  does 
not  react  under  reaction-  conditions  then  It  should  be  possible  to 
reclaim  the  oxidizer  from  the  propellent  system  by  dissolving  it  in 
the  NHg  liquid. 

Attempts  to  obtain  some  actual  rocket  propellant  in  order*  to  assess 
some  of  the  above  reactions,  were  discouraged  by  Navy  personnel. 

As  a result,  some  model  rocket  propellant  with  ammonium  chloride 
substituted  for  ammonium  perchlorate  .according  to  the  procedure  as 
described  in  reference  37,  was  prepared.  This  "propellant"  contained, 
by  weight,  59.0%  ammonium  chloride,  12.2%  aluminum  powder,  0.7%  by  weight 
of  triethanolamine,  12.2%  of  diol  of  molecular  weight  2000,  12.0%  of 
a triol  of  molecular  weight  3000,  3.9%  of  TDI^  and  a few  drops  of  D-22 
catalyst.  The  sample,  cut  into  2 g cubes,  was  cured  in  a vacuum  oven 
at  62°  for  2 hours. 


The  initial  experiment  showed  that  at  -33°C  no  reaction  occurs 
between  aluminum,  which  does  hot  dissolve  in  NH3(l),  and' 1111,  01  at 
dilute  concentrations  in  HH  :(!)..  When  the  model  rocket  propellant 
is  treated  with  liquid  ammonia  at  50°C  for  18  hours,  the  propellant 
system  is  swollen  and  the  NKJ(C1  is  leached  into  the  liquid  ammonia. 
Simple  distillation  of  the  ammonia  yields  about  8>*%  recovery  of  the 
ammonium  chloride.  The  aluminum  powder  remains  behind  in  the  degraded 
polyurethane  gel,  and  apparently  .is  not  attacked  by  the  liquid  ammonia 
or  the  ammonium  ion.  Clearly  more  experiments  arc  called  for  in  this 

*To3uctic  diicoi’ynnate 


2? 


area  but  the  initial  experiments  .arc  proiiising  in  that  ammonium  suits 
can  be  reclaimed  from  propel lanlr  in  excellent  yield:-  at  considerably 
lower  temperatures  than  those  necessary  for  organic  solvents  and 
also  at  considerably  loss  contamination  of  the  ammonium  salts. 

Photolytic  Ct  Ivolvsis.  The  solvolytic  degrad.it  ivr  approaches  to 
reclaiming  rocket  ,-usl  component  parts  as  developed  by  Temp a , V.’lii to 
and  Trench  Cl,  34]  and  by  us,  which  involve  n-buty lamina  and  liquid  ammonia 
degradation,,  offer  promise  as  an  intermediate  solution  to  the  recovery 
of  HCM*  from  current  waste  propellants  arid  explosives.  However,  this 
approach  is  net  entirely  satisfactory  in  that: 

1.  relatively  high  temperatures,  %0-115°C,  are  required, 

2.  long  reaction  times  of  several  days  are  necessary,  and 

3.  although  excellent  yields  of  ammonium  calls  are  reclaimed 
unavoidable  contamination  can  occur; 

Many  impurities  or  AP,  i.e.  metal  salts  and  [HH1.CIO3J  arc  known  to 
greatly  increase  AP's  sensitivity  to  detonation  11383.  Many  of  there 
undesirable  px’opertie^  and  results  of  the  thermal  solvolytic  degradation 
are  not  present  in  photo  solvolytic  degradation.  The  fate  of  photo- 
degradation  of  binders  would  be  less  dependent  upon  temperature 
The  only  requirement  for  photodegradation  of  binders  is  that  the 
reaction  be  carried  out  above  the  Tg*»  of  the  binder  [393.  Fov  the 
elastomers  employed  in  rocket  propellants  Tg  is  lower  than  room 
temperature  [403.  Finally,  solvents  in  which  AP  or  other  oxidizers  are 
readily  soluble  nay  be  employed  [373* 

Polyurethanes,  polyamides,  and  polyesters  similar  to  those  found 
in  propellant  binders  do  undergo  photolytic  degradation  [413 • A TW/polydiol 
linear  polyurethane  similar  in  structure  to  the  cfua^linked  LLidet  i 
was  prepared  (See  Table  XIV).  Photolysis  of  this  polyurethane  in 
benzene  at  room  temperature  for  only  two  hours  gave  rise  to  a polymer 
of  half  the  intrinsic  viscosity  pf  the  starting  polyurethane. 

A benzene  solution  of  the  sample  contained  in  a quartz  tube  was 
irradiated  with  a high  pressure  mercury  lamp  for  the  times  specified, 

Rnd  the  intrinsic  viscosities  of  the  resulting  solutions  were  determined 
using  the  well  established  procedure  previously  described  [42]. 

Figure  1 summarizes  this  study. 

Extraction  Study 

In  the  course  of  our  studies  with  the  polyurethani  and  polyester 
binders  it  was  observed  that  some  organic  solvents  become  yellow 
when  in  contact  with  the  polyurethanes  1 and  IV.  Sin*  c in  binder;? 

I and  IV  a 1:1  eutectic  of  bis ( 2, 2-dinitropropyl )aceta j.  is  used  to 
plasticize  the  .polymers  it  was  thought  that  possibly  the  yellow 
color  was  due  to  the  dissolution  of  the  nitre*  plasticizer. 

An  extraction  study  was  therefore  undertaken  to  determine  the  degree 
of  plasticizer  dissolution  as  well  as  to  determine  the  most  efficient- 
solvent.  In  this  experiment  a 0.14  g sample  of  binder  1 having  a 
50-80  mesh  particle  size  was  placed  in  a Soxhlct  apparatus  and  the 
extraction  allowed  to  proceed  for  24  hours.  The  polyurethane  sample 
was  then  dried  overnight  at  50°  in  a vacuum  oven  and  the  weight  loss 


*iiigh  energy  material,  ** Polymer  glass  transition  temperature 


recorded.  Trie  ro.uit:.  of  this  sludy  are  summer j/.t-i  iri  Table  XV 

Table  XV 

Extraction  cf  binder  I with  Various 
Solvent Weight  loro,  *. 

Benzene  47 

Acetone  77 

Methanol  81 

Acetonitrile  72 

Methyl  Ethyl  Ketone  25 

Tetrahydrofuran  38 

Dioxane  53 

Acetic  Acid  41 

Dircethoxyethane  55 

2-Eutanoi  52 

Pyridine  15 


The  extraction  study  was  extended  to  all  four  binder's  using 
3-4  g samples  cut  into  one-quarter  inch  cubes.  Metnunol  was  used  as 
the  solve ne,  the  extraction  allowed  to  proceed  for  24  hours  and  the 
samples  dried  as  previously  described.  The  weight  loss  observed 
in  these  extractions  as  well  as  the  weight  * of  plasticizer  prerent 
in  the  binders  are  reproduced  in  Tabic  XVI.  Infrared  analysis  of 

Table  XVI 

Extraction  of  Bindei-s  I-IV  with  Methanol 


Binder 

Kt.  loss,  % 

Kt-.  % Blast 

r 

74 

75 

II 

46 

50 

III 

2 

0 

IV 

03 

50 

the  methanol  and  benzene  extracts  from  binders  1 and  IV  did  not 
indicate  rethanolysis  was  occurring  during  these  extractions. 

Although  this  study  has  not  been  .extended  to  larger  sample  : i :>-s  or 
the  minimum  time  necessary  for  complete-  extraction  determined,  the 
results  are  encouraging;  Those  results  suggest  a simple  procedure 
for  the  separation  and  recovery  of  the  nitro  and  hydrocarbon  plosii- 
cizerr.  In  addition,  this  type  of  separation  should  be  inexpensive  ani 
adaptable  to  continuous  separation,  further,  it  ran  be  carried  out 


below  6M°  without  any  foreseeable  contaminal ion  of  oxidizer. 

Furthermore,  ammonium  perchlorate  is  soluble  in  methanol  to  the 
extent  of  2-3  g/5Gml  at  25°  and  should  also  bo  extractable.  The 
residual  binder  could  then  be  separated  from  the  M metal  by  one  of  the 
various  chemical  methods  available.  Perhaps  the  Ford  Motor  Company 
process  L b 3)  for  hydrolyzing  scrap  polyurethane  foam  with  steam  at 
elevated  temperatures  could  then  be  applied  and  the  hydrolyzed 
material  recovered  for  reuse.  Unfortunately,  these  possibilities  could 
not  be  tested  due  to  lack  of  availability  of  actual  rochet  propellant. 
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